The aim of this study was to determine whether the intrinsic mechanism of apoptosis is involved in the death of germ cells in Robertsonian (Rb) heterozygous adult male mice. Testes from 5-month-old Rb heterozygous CD1!Milano II mice were obtained and compared with those from homozygous CD1 (2nZ40) and Milano II (2nZ24) mice. For histological evaluation of apoptosis, TUNEL labelling and immunohistochemistry were used to localise Bax and cytochrome c. Expression of calbindin D 28k (CB), an anti-apoptotic molecule, was also analysed by immunohistochemistry and immunoblotting. Testicular ultrastructure was visualised by electron microscopy. Morphology and cell associations were abnormal in the Rb heterozygous seminiferous epithelium. An intense apoptotic process was observed in tubules at stage XII, mainly in metaphase spermatocytes. Metaphase spermatocytes also showed Bax and cytochrome c redistributions. Mitochondria relocated close to the paranuclear region of spermatocytes. CB was mainly expressed in metaphase spermatocytes, but also in pachytene spermatocytes, spermatids and Sertoli cells at stage XII. The co-localisation of CB and TUNEL labelling was very limited. Sixty per cent of metaphase spermatocytes were apoptotic and calbindin negative, while 40% were calbindin positive without signs of apoptosis. Ten per cent of the Bax-and cytochrome c-positive cells were also calbindin positive. These data suggest that apoptosis of the germ cells in heterozygous mice occurs, at least in part, through a mitochondrial-dependent mechanism. Calbindin overexpression might prevent or reduce the apoptosis of germ cells caused by Rb heterozygosity, which could partially explain the subfertility of these mice.
Introduction
Spermatogenesis is a complex process by which male germ cells mature from spermatogonia via spermatocytes and spermatids to spermatozoa and involves a controlled balance between cell proliferation and death (Lizama et al. 2007) . Infertility or testicular disorders may appear when this balance is deregulated (Francavilla et al. 2000 , Eguchi et al. 2002 .
There are many different, poorly understood causes of deregulation of cell proliferation/cell death during spermatogenesis. However, a normal karyotype is an essential prerequisite for proper spermatogenesis as shown by the detrimental effects of structural rearrangements of the karyotype on this process (Redi et al. 1985 , Wallace et al. 2002 . The extent of the impairment of spermatogenesis depends on various factors such as the type and number of fusions, the configuration of diakinesis during meiosis and genic incompatibilities. In Robertsonian (Rb) heterozygous mice, Merico et al. (2003) found a high percentage (up to 59%) of defective seminiferous tubules in 5-month-old animals in which the typical cell-to-cell associations were almost unrecognisable. In these animals, the spermatid/ spermatocyte ratio was as low as 1.4 when compared with the expected 4.0. Massive germ cell depletion was detected at each step of germ cell differentiation in both meiotic and post-meiotic germ cells indicating cell death. The impairment of spermatogenesis exerted by Rb heterozygosity was found to be partially relieved with time because the percentage of defective tubules was lower, and germ cell survival and sperm morphology better in 7-month-old mice than in 3-and 5-month-old animals. Eaker et al. (2001) demonstrated a high frequency of misaligned, condensed chromosomes in their Rb heterozygous mice, which could account for a significant proportion of the apoptotic spermatocytes suggesting a checkpoint process that identifies aberrant meiosis, although this mechanism would not be efficient enough to avoid the high frequency of gametic aneuploidy.
During spermatogenesis, spermatogonia undergo several cell divisions and spermatocytes divide twice to build the germ cell population of the testis (Russell et al. 2002) . Some authors have found that immature spermatogonia show features of apoptosis, while more mature spermatocytes do not (Allan et al. 1987 , Russell 1999 ; however, others have found that in the first wave of spermatogenesis primarily mid-pachytene spermatocytes die by apoptosis (Jahnukainen et al. 2004) . Cell death is, therefore, a normal process during spermatogenesis, limiting the number of germ cells to ensure that Sertoli cells can provide enough nutrients to nurture the continuous generation of germ cells (Lee et al. 2006 ). The Fas system has been shown to be involved in the regulation of germ cell apoptosis in the rat testis. Through binding to its ligand, FasL, Fas promotes activation of caspase-8, which proteolytically activates executive caspases that ultimately kill the cells. Another set of caspases, involved in the intrinsic apoptotic pathway, has recently been reported to be involved in spermatocyte apoptosis from the first round of spermatogenesis in the rat (Lizama et al. 2007) . When apoptosis in pachytene spermatocytes occurs as a result of stimuli such as heat or hormone deprivation, it appears that only the intrinsic pathway is stimulated (Sinha Hikim et al. 2003) . A caspaseindependent mechanism triggered by calpain activation is another mechanism that has been suggested to be involved in germ cell apoptosis (Coureuil et al. 2006) . Some members of the p53 family and high [Ca 2C ] i also appear to be important regulators of apoptotic death in spermatogenic cells (Mishra et al. 2006 , Petre-Lazar et al. 2007 ). However, the pathways leading to apoptosis of germ cells in the testes from the Rb heterozygous mice remain elusive.
Data from studies employing extrinsic modulators of Ca 2C homeostasis have suggested that the increment in [Ca 2C ] i is a signal sufficient to produce apoptosis. Calpains are frequently activated in apoptosis models involving enhanced [Ca 2C ] i . Furthermore, the modulated expression of calcium-binding proteins, such as calbindin D 28k (CB) and others, can confer protein protection against apoptotic stimuli (Mathiasen et al. 2002) . CB is a protein that was originally discovered in chick intestine (Wasserman & Taylor 1966) , where its expression is vitamin D dependent. CB expression is low in both mice and chick testes and is vitamin D independent and dependent respectively (Walters et al. 1991 , Inpanbutr et al. 1996 . Christakos & Liu (2004) showed that CB has a major role in different cell types in protecting against cell death by preventing calcium-mediated mitochondrial damage and the subsequent release of cytochrome c.
Using a mouse model with reduced fertility, we studied whether the intrinsic mechanism of apoptosis is involved in the partial arrest of spermatogenesis caused by the heterozygous Rb translocations. We also analysed the expression of CB as a protective mechanism against apoptosis.
Results

Rb heterozygous mice exhibit high apoptosis of germ cells
We used 5-month-old mice in our study since Merico et al. (2003) had previously shown that the spermatogenic process is more impaired in Rb heterozygous mice of that age than in 3-or 7-month-old animals. The testicular histology of CD1 and Mil II mice had a normal appearance while heterozygous CD1!Mil II (hereafter also named Rb heterozygous) mice showed a large proportion of defective seminiferous tubules with atypical cellular associations and severe germ cell loss, confirming previous findings (Merico et al. 2003) . In order to estimate apoptosis we employed the TUNEL assay, which is a marker of DNA fragmentation. Figure 1 shows that TUNEL-positive cells were scarce in the seminiferous tubules from CD1 or Mil II mice, while TUNEL staining was strong in seminiferous tubules from Rb heterozygous mice. The percentage of TUNELpositive tubule cross sections was significantly higher in the testes of Rb heterozygous mice than in those of either CD1 or Mil II animals ( Table 1 ). Most of the tubules showing apoptotic cells were at stage XII, involving germ cells in both metaphases I and II. The mean number of TUNEL-positive cells/tubule section was seven-to ninefold higher in Rb heterozygous mice than in the Mil II or CD1 mice, indicating that massive cell death of germ cells occurred by apoptosis in the Rb heterozygotes. No significant differences were found in either the percentage of TUNEL-positive tubule cross sections or in the mean number of TUNEL-positive cells/tubule section between CD1 and Mil II mice, but these latter exhibited higher levels of TUNEL-positive tubules (Table 1) .
Mitochondria move into paranuclear areas of spermatocytes in Rb heterozygous mice
Mitochondria conglomerated in the area close to the nuclear periphery in spermatocytes of Rb heterozygous mice whereas the mitochondria were sparsely distributed in CD1 and Mil II spermatocytes (Fig. 2) . The movement of mitochondria towards the nuclear periphery of the spermatocytes of Rb heterozygotes may be considered an indication of apoptosis. In fact, mitochondrial redistribution has been observed in apoptotic cells in the mouse testis after induction of apoptosis (Vera et al. 2004 ). Acrosome malformation, irregularities of the nuclear membrane of both spermatocytes and spermatids and irregularly shaped cells were also found in Rb heterozygous germ cells (data not shown).
Bax and cytochrome c are involved in the apoptotic mechanism: CB is overexpressed in the damaged tubules Given the ultrastructural changes in the germ cells, we hypothesised that the mitochondrial pathway might be involved in the apoptosis of spermatogenic cells. To demonstrate this, we examined, by immunocytochemistry, the localisation of Bax, a pro-apoptotic molecule that moves from a cytoplasmic to a paranuclear localisation, triggering cytochrome c release from the mitochondria. In addition, we also studied cytochrome c localisation. As shown in Fig. 3 , there was intense staining for Bax and cytochrome c in the cytoplasm and nuclei of different testicular germ cells from Rb heterozygous mice: this is an indicator that the intrinsic apoptotic mechanism is involved in the death of the germ cells. Redistributions of Bax and cytochrome c occurred in the same defective seminiferous tubules that showed TUNEL staining. This redistribution was not accompanied by an increase in protein expression, as judged by Western blots, which showed that the amount of Bax or cytochrome c protein in the testis did not differ between the three groups of animals ( Fig. 4) .
By contrast, CB, an anti-apoptotic protein that can prevent or block apoptotic death, was expressed to a much greater extent in the Rb heterozygous testis than in the CD1 and Mil II testes, as shown by Western blot analysis ( Fig. 4) . Western blotting revealed two bands of CB expression (28 and 56 kDa), indicating that this protein dimerises in the mouse testis. Dimerisation of CB has already been reported to occur in other tissues (Pochet et al. 1989 , Luu et al. 2004 . The amount of both CB monomer and dimer present in the testis of Rb heterozygotes was three-and two-fold higher respectively than that in CD1 and Mil II testes. As shown by TUNEL staining for apoptotic cells, CB was mainly localised in tubules at stage XII (Fig. 3) . In Rb heterozygous testis, CB reactivity was shown in 2.74% of spermatocytes/tubule section, 56.66% of spermatocytes in metaphase/tubule section, 14.19% of spermatids/tubule section and 8.95% of Sertoli cells/tubule section. Only spermatids (2-3%/tubule section) were CB positive in the testis from CD1 or Mil II mice. Co-localisation of CB and TUNEL staining was limited in all three groups of animals. Co-localisation of CB/TUNEL, CB/Bax and CB/cytochrome c was almost absent in the testis from CD1 or Mil II mice. In Rb heterozygous mice, colocalisation of CB/Bax, CB/cytochrome c and CB/TUNEL was observed in respectively 9.99%G3.13, 10.61%G 1.94 and 3.01%*G1.10 of cells (*P!0.05 versus CB/Bax and CB/cytochrome c; Table 2 ). Therefore, among those cells showing co-localisation, CB/Bax and CB/cytochrome c co-localisation was more frequent than CB/TUNEL co-localisation. In brief, the percentage of cells showing CB expression and DNA fragmentation was very low in comparison with the percentage of cells in which CB and Bax or CB and cytochrome c were co-expressed. The rest of the CB-positive cells did not show either TUNEL staining or Bax or cytochrome c reactivity.
Spermatocytes in metaphase are the apoptotic cells in the seminiferous tubules of Rb heterozygous mice: CB is overexpressed in metaphase spermatocytes Bax, cytochrome c and TUNEL staining were mainly detected in metaphase spermatocytes at stage XII of the cycle of the seminiferous epithelium in Rb heterozygous testis (Table 2) . Bax was practically absent in other cell types. Cytochrome c also appeared in 2.5% of pachytene spermatocytes, 11% of spermatids and 11% of Sertoli cells/tubule section whereas TUNEL reactivity was detected in only 3% of pachytene spermatocytes/tubule section. In Rb heterozygous mice, CB expression was also much higher in metaphase spermatocytes than in other cells from the testis (see above). Forty per cent of metaphase spermatocytes/tubule sections were only CB positive. The remaining 60% of metaphase spermatocytes did not show CB reactivity but were TUNEL positive, indicating that they were dying by apoptosis. It is possible that the 40% of cells that expressed CB were not committed to cell death. It may be that Rb rearrangements triggered CB expression in spermatocytes in metaphase in the mouse testis. DNA fragmentation barely occurred in those cells in which CB was expressed. However, in the early stages of apoptosis, CB was associated with Bax and cytochrome c expressions, albeit to a limited extent. In fact, only 10% of Bax-and cytochrome c-positive cells also expressed CB. The number of cells showing Bax, cytochrome c and TUNEL labelling was very low in CD1 and Mil II testes, and such cells were scattered along the 12 stages of the seminiferous epithelium. The very few positive cells, ranging from 1 to 5 per tubule section, were found at late stage XII or early stage I and they did not express CB. Interestingly, they were all metaphase spermatocytes. The paucity of cells positive for Bax and cytochrome c indicates that relocation of these proteins is very limited. Likewise, the expression of CB was very low in CD1 and Mil II germ cells.
Discussion
The purpose of this study was to determine whether the intrinsic mechanism of apoptosis is involved in the death of germ cells in the testis of Rb heterozygous mice. Our findings clearly show that testis from Rb heterozygous mice exhibits intense apoptosis of germ cells, which is accompanied by the redistributions of Bax and cytochrome c. The expression of these proteins, as revealed by Western blotting, was similar to that in CD1 or Mil II mouse testis, indicating that the synthesis of these two pro-apoptotic molecules in Rb heterozygous mice is not greater than that in the other two groups of animals. Therefore, Bax redistribution might be responsible for the release of cytochrome c from the mitochondria, which, through several steps, would finally promote DNA fragmentation. It has been shown that the insertion of Bax into mitochondrial membranes is involved in the release of cytochrome c from the mitochondrial intermembrane space into the cytosol in heat-induced testicular germ cell death (Vera et al. 2004 ) and in the apoptotic process of the first round of rat spermatogenesis (Lizama et al. 2007 ). Moreover, the relocation of mitochondria to the paranuclear area in spermatocytes from Rb heterozygous mice is another indication that these organelles are involved in the apoptosis of germ cells, which has been also demonstrated in heat-induced germ cell death (Vera et al. 2004) . Thus, our study shows that the intrinsic apoptotic pathway is involved in the death of testicular germ cells triggered by karyotype rearrangements. Other apoptotic mechanisms were not explored, but cannot be excluded. It has been reported that Fas/FasL is involved in spermatogenic cell death during development, adulthood and after toxic exposure (Mishra et al. 2006 ). Calpain and the p53 subfamily have also been reported to be involved in male germ cell death (Coureuil et al. 2006 , Petre-Lazar et al. 2007 ).
Most of the DNA fragmentation in Rb heterozygous testis was observed in tubules at stage XII, during which spermatocytes undergo meiotic divisions, in agreement with the previous data showing that the frequency of cell death is higher in this stage. Although apoptosis of male germ cells was significantly higher in Rb heterozygous mice than in CD1 or Mil II mice, most DNA fragmentation occurred mainly in metaphase spermatocytes in all three groups of animals. Eaker et al. (2001) have also reported increased apoptosis in metaphase spermatocytes with misaligned chromosomes in other Rb heterozygous mice (2nZ36), suggesting that a spindle checkpoint mechanism identifies aberrant meiosis. Apoptotic metaphase spermatocytes at stage XII were also found in the testis of Mlh1 K/K mice (Eaker et al. 2002) . Our study further supports the idea that in metaphase spermatocytes at stage XII a checkpoint mechanism is active, which might be activated in response to meiotic defects.
To maintain testicular homeostasis, pro-survival and pro-apoptotic molecules work together, regulating the extent of apoptosis to produce a supply of high-quality gametes (Mishra et al. 2006) . As reported, the quality of male gametes is poor in Rb heterozygous mice, and these mice are subfertile (Redi et al. 1984 , Hauffe & Searle 1998 , Wallace et al. 2002 . Therefore, some antiapoptotic mechanisms in germ cells must be 'turned on' to limit apoptosis. Among the various apoptotic molecules, CB has been suggested to protect different cell types against apoptotic cell death induced by both calcium-independent and calcium-dependent pathways (Christakos & Liu 2004) . In our study, we have demonstrated that CB is overexpressed in Rb heterozygous testis, with maximal expression in metaphase spermatocytes. CB overexpression occurs at stage XII, during which TUNEL labelling is also maximal. However, co-localisation of TUNEL labelling and CB is very limited. Sixty per cent of metaphase spermatocytes die by apoptosis and 40% of them exhibit high expression of CB, without signs of DNA apoptosis. Only 3% of metaphase spermatocytes show simultaneous apoptosis and CB expression. These data suggest that CB overexpression might protect against spermatogenic apoptosis. The concomitant presence of CB-or TUNEL-positive cells at stage XII in the same tubule section suggests a potential, immediate surveillance mechanism for preventing cell death, which has rapidly triggered the expression of CB.
Whether CB arrests mitochondrial apoptosis before the onset or during the apoptotic process remains unknown. Co-localisation of CB with molecules involved in the early steps of apoptosis, such as Bax or cytochrome c, could indicate that CB expression either might not be sufficient to block the already initiated apoptosis or might block apoptosis downstream of cytochrome c release. In fact, it has been found that CB is capable of directly inhibiting caspase-3 in MC3T3-E1 osteoblastic cells after treatment with tumour necrosis factor-a (Bellido et al. 2000) . In pancreatic b-cell lines, CB protects against cytokineinduced b-cell death by buffering calcium, preventing mitochondrial damage and inhibiting the generation of oxygen free radicals (Rabinovitch et al. 2001) .
The CB overexpression not only occurs in metaphase spermatocytes but also in other germ cells and Sertoli cells. It is well known that Sertoli cells provide structural support, create an immunological barrier and nourish cells through secretory products (Yuan et al. 2006 ). Germ cell-Sertoli cell interactions during spermatogenesis have been described, but the molecules regulating these interactions have yet to be identified (Saunders 2003) . Further studies are required to determine whether CB expressed in Sertoli cells acts as an anti-apoptotic molecule for these cells themselves or it is a secretory product to protect germ cells from apoptosis. In summary, Rb heterozygous mice present intense apoptosis of germ cells mediated, at least in part, by a mitochondrial apoptotic mechanism. The redistributions of Bax and cytochrome c suggest that Bax moves to the mitochondria where it causes the release of cytochrome c, which might produce a cascade of events leading to DNA fragmentation. Apoptosis occurs at stage XII, mainly in metaphase spermatocytes. CB, an antiapoptotic molecule, is also highly expressed at the same stage and in the same type of cell. We suggest that CB overexpression might be a mechanism to prevent or reduce spermatogenic apoptosis caused by Rb rearrangements. It is quite possible that the ability of CB to prevent and maybe rescue cells from apoptosis could explain the subfertility in these mice. The knowledge of specific mechanisms controlling germ cell apoptosis could have particular importance for understanding some aspects of male infertility.
Materials and Methods
Animals
We used adult male laboratory mice (Mus musculus domesticus, CD1 strain; weight: 40 g) carrying the standard chromosome complement of 2nZ40 acrocentric chromosomes, wildderived mice carrying 2nZ24 chromosomes (M. m. domesticus, Milano II population, Mil II; Gropp et al. 1982, weight: 30 g) and heterozygous animals (2nZ32; weight: 40 g) obtained by crossing CD1 female mice with Mil II males. The mice were maintained according to the Guide for Care and Use of Laboratory Animals. Three 5-month-old male mice of each karyotype group were killed by cervical dislocation. Every effort was made to minimise the number of animals used and their suffering.
Chemical reagents
All reagents were purchased from Sigma Chemical Co. unless otherwise stated.
Histology
The right testis of each mouse was fixed in Bouin's fluid and embedded in paraffin wax. Five micrometre serial transverse cross sections were made for the subsequent co-localisation analyses. At least four serial sections of each testis were mounted on each glass slide. One slide was stained by the periodic acid-Schiff reaction and counterstained with haematoxylin to identify the stages of seminiferous epithelium according to Oakberg (1956) .
TUNEL assay
For histological evaluation of apoptosis, the sections were processed with the TUNEL method, using an ApopTag Plus Peroxidase In Situ Apoptosis Kit (Chemicon-Millipore, Billerica, MA, USA), according to the manufacturer's instructions. Sections were permeabilised by incubation with proteinase K (20 mg/ml) for 10 min, and then exposed for 5 min to 3% (v/v) H 2 O 2 for endogenous peroxidase inhibition, incubated in the terminal deoxynucleotidyl transferase (TdT) labelling reaction mix for 1 h at 37 8C, washed in PBS, incubated with the anti-digoxigenin and finally developed with 3,3 0 -diaminobenzidine (DAB). Positive and negative controls were also set up. The positive controls were established using the slides contained in the same kit and following the manufacturer's instructions. For the negative controls, sections were processed without TdT enzyme in the labelling reaction mix. The sections were counterstained with 0.5% (w/v) methyl green for 10 min at room temperature.
Immunohistochemical analysis
Serial sections were processed according to the avidin-biotinperoxidase complex method. Following deparaffinisation, sections were hydrated and incubated for 10 min in 0.5% (v/v) H 2 O 2 diluted in methanol to reduce endogenous peroxidase activity. After having been rinsed in PBS, the slides were incubated with normal bovine serum at 10% (v/v) in PBS for 10 min to prevent non-specific binding of the primary antibody. Thereafter, the primary antibodies mouse anti-bovine CB monoclonal antibody (clone CB-955; Santa Cruz Biotechnology, Santa Cruz, CA, USA), rabbit anti-mouse Bax (P-19, polyclonal antibody, Santa Cruz Biotechnology) and purified mouse anti-mouse cytochrome c monoclonal antibody (BD Pharmingen, Franklin Lakes, NJ, USA) were applied at a dilution of 1:1000 in PBS at 37 8C for 1 h. Later, the sections were washed thrice in PBS and then incubated with appropriate secondary biotinylated antibodies diluted in PBS. After 30 min, the sections were incubated with peroxidaseconjugated streptavidin (Molecular Probes, Carlsbad, CA, USA) and developed with DAB (Dako, Glostrup, Denmark). The control sections were incubated using the same procedure but only with the secondary antibodies. Cytochrome c and Bax immunoreacted sections were counterstained with haematoxylin. Sections were visualised using a Leica DM LB microscope and images were obtained with a Leica DC 180 Camera.
Immunoblot analysis
Western blot analysis was performed to detect the expression of CB, cytochrome c and Bax proteins. The left testis of each mouse, freed from the albuginea membrane, was homogenised in PBS. The total protein suspension of each testis was centrifuged for 10 min at 13 000 g. The protein concentration of supernatants was measured using Bradford's method. Supernatants (10 mg/sample) were mixed with loading buffer (2% w/v SDS in Tris-HCl (pH 8) containing 25% v/v glycerol, 1% v/v b-mercaptoethanol and 0.1% v/v bromophenol blue). The mixture was denatured for 5 min at 95 8C and aliquots of 15 ml homogenate were separated in 12.5% w/v SDSpolyacrylamide minigels. Gels containing the separated proteins were immersed in the transfer buffer (25 mM Tris-HCl, 192 mM glycine, 0.05% w/v SDS and 20% v/v methanol). Nitrocellulose membranes (0.2 mm) were blocked for 2 h with 3% w/v skimmed milk in PBT (1!PBS plus 0.05% v/v Tween-20) and incubated for 1 h at 37 8C with the primary antibodies at 1:1000 dilution (CB, cytochrome c), 1:5000 dilution (purified goat anti-human actin polyclonal antibody, Santa Cruz Biotechnology) or 1:500 dilution (Bax) in PBT with 1% w/v BSA. After extensive washing with PBT, the membranes were incubated with anti-rabbit (Bax), anti-goat (actin) or antimouse (CB and cytochrome c) biotinylated antibodies for 1 h at 37 8C using a 1:2000 dilution in PBT with 1% w/v BSA and then washed thoroughly. The appropriate Western Blot Amplification Module (Bio-Rad) and the Opti-4CN Substrate Kit (Bio-Rad) were used, according to the manufacturers' instructions, for detection. Actin was used as a marker to normalise the relative expression of the other proteins. The band intensity was quantified by the Image J software (Wayne Rasband, NIH, Bethesda, MD, USA) in order to obtain the relative expression of proteins.
Transmission electron microscopy
Small pieces of seminiferous tubules were fixed by immersion in a mixture of 1.5% (v/v) glutaraldehyde and 4% (v/v) formaldehyde in 0.1 M cacodylate buffer, and then treated with 1% w/v osmium tetroxide, dehydrated and embedded in Araldite at 60 8C. For ultrastructural studies, thin sections were cut with a diamond knife on a Porter-Blum MT2 and JEOL JUM-7 ultramicrotome, counterstained with lead citrate and uranyl acetate, and examined in a Zeiss LEO 906E electron microscope.
Statistical methods
Four sections were selected at random from each testis for both the immunohistochemical studies and the TUNEL assay. At least nine transverse sections of seminiferous tubules for each epitope, TUNEL labelling or their combinations were randomly chosen and pictures were taken at 400! magnitude by two independent researchers in a blinded fashion. A cross section of a tubule was considered apoptotic when three or more TUNEL-positive cells were present within the seminiferous epithelium (Eaker et al. 2001) . For each animal testis, 100 cross-sectioned tubules were scored to evaluate the frequency of the immunopositive or apoptotic sections. The percentage of positive cells for each epitope or TUNEL labelling was calculated taking into account the total number of cells per tubule section at the same stage of differentiation. Abercrombie's (1946) correction was applied to all cell counts. Two serial sections were processed with two different antibodies (CB and Bax, CB and cytochrome c) or with an antibody and TUNEL assay (CB and TUNEL) in order to compare and analyse the co-localisation of the different markers. Statistical significance between means of the different groups was assessed by the oneway ANOVA, followed by Bonferroni's post hoc test. A P value !0.05 was considered statistically significant.
